Background: Neuroimaging is increasingly used as a non-invasive method to assess raised intracranial pressure (ICP). Optic nerve sheath diameter (ONSD) measurement using brain magnetic resonance imaging (MRI) has been shown to correlate well with invasively measured ICP, however little research has been conducted on the ONSD measurement using computerized tomography (CT) in correlation with ICP. This study was done to investigate whether CT scan can reliably replace MRI in measuring ONSD.
Introduction

Intracranial Hypertension
Intracranial hypertension defined as sustained (>5 min) elevation of intracranial pressure (ICP) of >20 mmHg in adult (Susan et al., 2007) can result in serious neurological consequences if untreated. Therefore, early detection of raised ICP is critical to ensuring timely and appropriate management. Different causes of increased ICP have been reported including both intracranial (including head trauma, cerebral edema, hydrocephalus, hemorrhage, brain tumors (Saul & Ducker, 1982; Bingaman & Frank, 1995) and extracranial (hepatic encephalopathy) (Lidofsky et al., 1992) . Direct ventriculostomy is the gold standard method for measuring ICP; however, this test is invasive and in addition to the technical difficulties carries risks of infection and hemorrhage (Rickert & Sinson, 2003; Miller, 1987) . To avoid these complications, noninvasive methods of measuring ICP were looked for, including transcranial Doppler ultrasonography and tympanic membrane displacement, however, they have so many technical difficulties, drawbacks and interobserver variability that preclude their clinical use (Bellner, Rommer, & Reinstrup, 2004; Voulgaris, Parthenni, & Kaliora, 2005; Shimbles, Dodd, & Banister, 2005) .
Optic Nerve Sheath Diameter in Patients With Raised ICP
Interest has been turned into the use of the optic nerve sheath diameter (ONSD) to provide a noninvasive surrogate marker for early-elevated ICP. This utilizes the fact that optic nerve with its CSF-filled sheath is anatomically considered part of the brain and when ICP is increased, the optic nerve sheath distends (Hansen & Helmke, 1996) and this transmission of raised ICP into the optic nerve sheath has been recognized for many years (Geeraerts et al., 2008) . Correlation has been found between ONSD and raised ICP (Hightower, Eric, & Jason, 2012) and ultrasound (US) and magnetic resonance imaging (MRI) have been utilized to assess the ICP by measuring ONSD. US has been regarded as a simple bed side non-invasive technique to predict raised ICP with good accuracy (Kimberly & Noble, 2008; Dubourg, Javouhey, Geeraerts, Messerer, & Kassai, 2011) Several studies conducted on MRI have proved its ability to predict raised ICP (Mashima et al., 1996; Weigel, Lagreze, Lazzaro, Hennig, & Bley, 2006; Geeraerts et al., 2008; Kimberly & Noble, 2008) . Unlike MRI and US and up to our best knowledge, correlation between ICP and ONSD measured on brain CT scan was not thoroughly studied until recently (Kalantari, Jaiswal, Bruck, & Matari, 2013; Mypinder, Donald, Chiara, & Katherine, 2014) . The purpose of this study is to assess the reliability of brain CT scan, a frequently utilized and available imaging modality as an alternative imaging tool to MRI in measuring ONSD.
Method
Participants
Adult (18-year and older) patients who had both CT and MRI brain examinations but without history of ophthalmic disease, orbital trauma or orbital surgery and no evidence of orbital pathology.
Sampling Procedure
Patients were sampled from those referred to the CT/MRI unit during a 10-month period for different indications (different medical conditions like headache, fit, stroke and tumors). Only patients who had both MRI and CT examinations of the brain done at the same visit (same day) within short interval were included in the study.
CT and MRI Examinations
CT Scan
All patients were examined by the same CT scanner (64 multidetectors helical, Brilliance, Philips Medical System, 2010) using the following parameters: KV 120, MAS 300mAs, slice thickness 0.9 mm and time 12 seconds. Patient in supine position, head in head rest, scanner gantry parallel to radiographic baseline. Radiological analysis was done using the brain axial sections.
MRI
All patients were examined by the same MRI device (1.5 Tesla device, Acheiva, Philips Medical System, 2011) with the following protocol; axial T2-weighted fast spin echo (FSE) images: TR 3500 msec, TE 100 msec, flip angle 90, slice thickness 3.5 mm, slice gap 0.3 mm, matrix 320 × 224, field of view 16×16 cm, echo train length 12, and bandwidth 31.2 kHz.
Image Analysis and ONSD Measurement
All scans were reviewed initially by a board-certified neuroradiologist for any abnormalities. ONSD measurements were performed manually by another observer using electronic calipers on workstation monitor (extended brilliant workstation). The transverse ONSD on both right and left sides was measured at 3 mm behind the globe in both modalities (Figures 1 and 2 ) using the axial sections. To avoid interobserver bias, the same observer measured ONSD on both CT and MRI images and to ensure blinding, measurements were done separately in different occasions (> 2 weeks interval) after "zooming in" the image on the orbits (to hid brain findings) and removing image information by another researcher.
We noticed that any modification in the window and center levels of the CT images would have obvious effects on the margins of optic nerve and consequently result in different measurements. Therefore, we ensured that all ONSD measurements on CT images were taken using the same values of brain window (80) and center (40) that are routinely utilized in the brain protocol of CT device in our institution. 
Statistical Analysis
Measurements of ONSD, including right-sided, left-sided and the means of both were compared between the two modalities. Statistical analysis was done using SPSS (version 2.0.) We considered 0.2mm as an acceptable difference between the CT and MRI scans in ONSD measurement as it is the lowest value of the reported discrepancy range (0.2 to 0.7 mm) (Soldatos et al., 2008; , Moretti, Pizzi, Cassini & Vivaldi, 2009 ). The correlation between ONSD on CT and MRI was calculated with 95% confidence interval and a p-value <0.05 was set as significant. The agreement between CT with MRI in measuring ONSD was assessed using intra-class correlation (ICC) between means of ONSD on both modalities. ICC can be interpreted as follows: 0-0.2 = poor agreement; 0.3-0.4 =fair agreement; 0.5-0.6 = moderate agreement; 0.7-0.8 =strong agreement; and >0.8 =almost perfect agreement (Gisev, Bell, & Chen, 2013) .
Furthermore, categorizing the data with a 5 mm as cut-off limit, we used Kappa statistics to assess the agreement between CT and MRI in measuring normal (≤ 5 mm) and thickened (> 5 mm) ONSD. Interpretation of Kappa measurements was as follows: poor agreement <0.20, fair agreement = 0.20-0.39; moderate agreement = 0.40-0.59; good (substantial) agreement = 0.60-0.79; and very good (perfect) agreement = 0.80-1.00 (Altman, 1991) .
The institutional review board has approved the study. There was no clinical intervention in this study, all patients gave informed consent prior to their inclusion in the study and confidentiality of personal data is preserved.
Study Design
This is a cross-sectional, observational comparative study conducted on 50 patients (29 female and 21 male). No intervention was performed.
Results
Basic Demographic Data
The study included 50 patients and their characteristics are demonstrated in Table 1 . 
Main Findings
Strongly positive and statistically significant correlation (p value <0.001) was found between measurements of ONSD using CT scan and MRI (Figure 3 ).
The agreement between means of ONSD measured on MRI with those measured on CT scan in all cases was almost perfect (ICC=0.987, p value <0.001) ( Table 2 ) with almost all readings were distributed tightly around the midline of the acceptable difference of 0.2mm (Figure 4) indicating that there is almost no variation between the two modalities.
Similarly, when cases were stratified according to the ONSD measurements into those with normal (≤ 5 mm) and those with thickened (> 5 mm) ONSD, the agreement was also almost perfect (ICC=0.947 and 0.972 respectively) ( Table 2 ) with similar tight clustering of ONSD readings around the acceptable difference of 0.2mm (Figures 5 and 6 respectively). 
Additional Statistical Analysis
To consolidate our results, we assessed the overall agreement between all readings using Kappa method on categorical data i.e. ONSD ≤5mm and those >5mm. There was almost perfect agreement (Kappa 0.837) between measurements of ONSD by CT scan and MRI as seen in Table 3 . 
Discussion
Being a safe and non-invasive tool compared to more risky invasive methods, ONSD measurement is increasingly utilized in the evaluation of patients with or suspected to have raised ICP using US or MRI.
Although MRI was shown to be a reliable surrogate for the directly derived ICP ( (Kimberly & Noble, 2008; Geeraerts et al., 2008) , CT scan was not evaluated comprehensively to be considered similarly reliable. One of the early studies addressing this issue found a strong correlation between CT-derived ONSD and invasively-measured ICP (Mypinder, Donald, Chiara, & Katherine, 2014) . The strong and statistically significant correlation between CT-and MRI-derived ONSD readings obtained in our study is evidence that CT scan can be as reliable as MRI. Mypinder et al (2014) also found that measuring ONSD on CT scan has resulted in a more accurate prediction of raised ICP than other reported signs of raised ICP in brain CT scan like ventricular and sulcal effacement. This correlation between CT and MRI was also consistent with a research by Kalanteri et al. (2013) . However, our study differs from Kalanteri et al. in that all cases included in their comparison were of normal ONSD range (taking 5mm as a normal cut-off value) (Ossoinig, 1993; Geeraerts et al., 2008; Kimberly & Noble, 2008) , while cases with both normal and thickened ONSD were included in our study. Vol. 10, No. 4; 2018 (thickened) ONSD might be questionable. Therefore, we assessed the agreement between CT and MRI using ICC in cases with normal (≤ 5 mm) and abnormal (> 5 mm) ONSD and it was interestingly almost perfect in both subgroups. To our best knowledge, no published research has evaluated this agreement (between abnormal ONSD measurements on CT and MRI) to compare it with our results. Although more research work may be still necessary, our preliminary results indicate that CT would be a reliable alternative to MRI not only in normal ONSD but also in abnormal (thickened) ONSD.
Kappa method is usually used to assess the agreement between two modalities or observers but with categorical data. Therefore we used it to compare ability of CT to agree with MRI in determining whether ONSD is normal or abnormal, setting 5mm as a cut-off normal limit. Similarly, we found almost perfect (kappa = 0.837) agreement between both modalities, hence statistically consolidating the capability of CT in replacing MRI in the assessment of ONSD. Compared to MRI, CT scan is more readily available, especially in emergency situations, less expensive, faster and relatively safer for patients who have contraindications to MRI, particularly traumatic patients with resuscitation/support devices, irritability and/or foreign bodies. Therefore, CT scan would be a reasonable solution in such critical conditions when prediction of raised ICP is required.
This study has some limitations. First is related to MR images used for ONSD measurement as we measured ONSD on the fat-saturated and not fat-suppressed T2-weighted sequence already used in the routine brain protocol.
Although fat-suppressed images may be more accurate for ONSD measurement, our results using non-fat suppressed images were encouraging. Secondly, ICP was not measured directly in our patients and we think that this might have added more to the study if it has been done. However the main purpose of the study was not to prove the correlation between ONSD and ICP but rather to assess if CT can replace MRI in particular task; that is measuring ONSD.
In conclusion, almost perfect agreement is present between CT and MRI in measuring ONSD. Therefore, CT scan can be considered as a reliable substitute for MRI in this task when assessment of raised ICP is required, especially where MRI is not available or contraindicated and in emergency or un-cooperative patients. It may also be beneficial to routinely include ONSD measurement in the initial evaluation of brain CT scans particularly in patients suspected of having raised ICP. Nevertheless, more studies are necessary to evaluate the correlation between CT-derived ONSD and the directly measured ICP.
